You Reckon?: General Teaching Notes
Introduction

When will the world’s oil reserves run out?

How much land would be needed to build a wind farm to supply 25% of London’s electricity? 

If the sea level rises by 50 cm, how many people will be homeless in Bangladesh? London?

What will be the population of Europe in 2020?

An earthquake destroys Istanbul – how many people are homeless, how much water, food and housing is needed, and how long will it take you to get it all there?

What would it cost to give every pensioner another £10 per week?

Can I afford to run a car?

“You Reckon?” introduces the idea of Plausible Estimation (PE). PE underpins major decisions we make in our private and public lives.  PE tasks show pupils just how powerful simple mathematics can be when making decisions about important topics.  Plausible Estimation is also great for debunking spurious claims (‘we can grow all the biodiesel we need on set aside land’).

Plausible Estimation is an important part of mathematical reasoning – problems have to broken down into simpler components; multiple approaches are rewarded; and pupils have to communicate well.  PE rewards technical mastery, and reinforces the need for mathematical fluency when doing ‘back of an envelope’ calculations.  PE encourages pupils to make mathematical thinking an integral part of their common sense.  Pupils will be able to see that the problems they are being asked to solve are the same problems faced by aid agencies, government planning agencies, and salesmen!

Using You Reckon? 

Materials can be used as: 

· a coherent block of lessons (taking about 3-5 hours to complete)

· as individual lesson plans that can be used as ‘samplers’

· as ‘sprinklers’

· and as ‘one liners’ that can be used as short 10-15 min free standing activities, and for homework.

Each lesson begins with straightforward tasks, then presents increasing challenges.  Within any lesson, there are challenges appropriate to a variety of levels of attainment.  We discuss pupil progression in the FAQ section.

Using the You Reckon? tasks

We suggest you show the You Reckon presentation as a way of introducing the ideas of plausible estimation. There are two versions – one has the slides automatically advancing after a brief pause and the other will advance on the click of the mouse. One approach would be to play the automatic version once or twice so the pupils see the range of statements and claims involving large numbers in different contexts. You may then want to move straight into the first PE task, or to use the manual advance version to have a brief discussion about reactions to these claims – are they believable?, what are they based on?

You might also want to use this presentation as a concluding activity to wrap up PE – where you might expect a more critical evaluation of the claims.

The lesson block starts with Heart Beat, which asks how many beats a 14 year old heart has made, and introduces the language of Plausible Estimation and some of the big ideas.  Stop! Thief!  requires pupils do some estimation and measurement to arrive at what might at first seem an unlikely conclusion, that the thief is actually the bank manager, not his imaginary ‘armed youth’. In Olympic Opening Ceremony, pupils act as consultants to the Olympic Committee, making judgments about whether all the athletes can stand in the centre of the Olympic track.  In Biofool they estimate the amount of biodiesel that can be produced from set aside land; they also work out what proportion of current agricultural land would be needed to provide all the biofuel needed for road transport.  Splash Down is an extended piece of work that asks about the amount of water that can be gathered from the school roof.  
These tasks can be taken in order, with all the students working on the same problem at the same time. Another approach which has worked well is to start off with Stop! Thief! and with the whole class, and then have different groups in the class tackle one of the other tasks (or one of the ‘sprinklers’ [Simple, Simon?, Chain Gang, Mellow Yellow, Congaratulations]) and do a short report on their findings to the rest of the class.  This way, all the pupils meet a range of contexts but without spending too much time, and have the opportunity to develop skills in talking about mathematics and how it can be used in everyday situations.  ‘One liners’ can be used at any time after some initial exposure to PE tasks.  We hope you will find and invent your own ‘one liners’ to pepper your lessons with some examples of the power of simple mathematics! If you do, the Smart Centre would be delighted to hear from you.
There are opportunities for practical work, homework, and extended projects, here.

Plausible Estimation in Class

Teachers’ Notes provide detailed suggestions on how to structure classroom activities.  The following section offers some guidance relevant to using any PE task – so should be particularly helpful with the ‘sprinklers’ and ‘one liners’.
Key mathematical activities & Teaching Points
Key mathematical activities
· breaking a task up into component parts

· making reasonable estimates on a scale which is convenient and understandable

· stating assumptions, documenting sources of information, and explaining and justifying solutions

Key teaching points

· Don’t allow pupils to bury themselves in computational ‘busy work’

· large tasks need to be broken into component parts

· measurement accuracy depends on the purpose of the measurement, and the closeness of the result [if you use crude measures and the conclusions are not crystal clear, you have to do everything again, carefully!]

· it is a good idea to solve the problem in two (or more) different ways – if you get similar answers, you can be more confident than if you used just one approach
· it is a good idea to produce bounded estimates – make assumptions that are at the low end, and at the high end, and look at the difference.  This will show you how sensitive the PE is to the assumptions that have been made

· look out for problems when pupils have to change units (e.g. gallons of diesel to metric tonnes!)

· look out for problems when students are using very large numbers
· you could encourage them to round intermediate values in calculations

· to get a sense of scale, it is often helpful to convert large numbers with lots of zeroes into numbers of thousands, millions or billions

· so, combining the two ideas above, if a pupil works out heart beats using 70 beats per minute, you might see 70 x 60 x 24 =108,000 beats per day [encourage pupils to keep track of what the numbers mean]. Talking about this as 100 thousand helps make sense of it. Then multiplied by 365 gives about 35 million [or 40 million] heartbeats in a year and about 500 million [ half a billion] for a 14 year old.
Phrases to Promote Pupil Reflection

Plausible Estimation tasks are unusual in that students have to decide how they will tackle problems – in many classrooms, this is unfamiliar (and perhaps uncomfortable, sometimes even for teachers!).  Students often work without planning, get lost, and engage in ‘busy work’ such as attempting accurate calculations using very large numbers.

When you give advice, it is easy to give too much away, and to provide too much guidance.  It is fine to structure problems for students on the first occasions they encounter PE tasks, but the whole point of teaching about PE is for pupils to develop the ability to see PE tasks that arise in their everyday lives, and to be able to tackle them on their own.

Here are some phrases that can overcome these problems!

If you use the same questions repeatedly, there is a good chance that pupils will automatically ask themselves these questions when doing an unfamiliar maths task (one teacher involved in curriculum trials routinely asks students ‘what questions am I going to ask you, and what are the answers?’).
What are you doing, now?

How does this fit with your plan about how to solve the problem?

What have you done, what are you doing, what are you going to do next?

In the early lessons using PE tasks, you might need to be more directive.  Here are some questions that lead students in particular directions:

Can you break the question up into smaller parts?

What do you know, and what do you need to know?

FAQs

How does You Reckon? fit with the 2008 Programme of Study?

Appendix A shows the 2008 PoS; statements in bold are ones which the Plausible Estimation module addresses.

Who are PE tasks for?

PE tasks can be used with pupils (and adults) at any almost any age and stage.

Tasks should be chosen to suit the sophistication of the pupil.

Should calculators be used?  

YES if you want students to use realistic, large numbers, and hand calculations would obscure the point of the task.

NO if students engage in busy work – notably aiming for spurious precision [the antithesis of what we are trying to teach!].

How much information should I include in the written prompt, or give out in class?

AS MUCH AS YOU HAVE – if this is an early task in your Plausible Estimation classes, and you want to emphasise key points about breaking tasks up, and making reasonable estimates.

NONE AT ALL - if you want students to do a full PE task, gathering all the information they need for themselves.

What should I do if pupils finish early?

Ask them to solve the problem in a different way.

Ask for a bounded estimate to check the sensitivity of their answer to the assumptions they have made.

Suggest they write a clear explanation of their answer.

Change some aspect of the task, and ask for a reworking.

What homework can I set?

Whole tasks can be given for homework.

Preparatory activities - notably searching the web for information – are appropriate, and are probably easier to do at home.
If the task can be solved easily using a spreadsheet, this might be easier to do at home, or in the library, than at school.

Can I change You Reckon? tasks?

Every You Reckon? task is a member of a family of tasks.  After you have used some You Reckon? tasks in the way we suggest, you will see ways to change other tasks so as to match the needs of your class.  Always think through the mathematical demands on pupils of the task variants.  Here are some members of the Stop! Thief! Family.

A bank manager says that an armed youth stole a bag containing £5000 in £1 coins and ran away.  Estimate the weight of the coins.

A bank manager says that an armed youth stole a bag containing £5000 in £1 coins and ran away.  Could a thief run, carrying this bag?
The second task differs from the first in a number of important ways.

· pupils have to decide what they need to find out - they need to identify weight as one critical issue;

· there are more factors to consider in the second task - the dimensions of the bag should be considered – how big would it be? would it be unwieldy?  Pupils also need to discover what weight they can run with;

· there are more stages (problem identification, calculations involving coins and volumes, estimates of what they can carry) in the second task.

Here is a third variant

A bank manager says that an armed youth stole a bag containing £5000 in £1 coins and ran away.  

Write a report for the insurance company!  Tell them if they should pay up, or prosecute the bank manager for attempted fraud.  Explain your reasoning.

The third task requires the same mathematics as the second problem, but now pupils have to communicate their findings very clearly, with a sense of audience.

How do I see progression in pupil attainment?

PE tasks can be created that differ along a number of dimensions.  We can see pupil progress in handling tasks that increase in sophistication on any of these dimensions.

Task openness: does the task prompt make it clear exactly what has to be done, or is planning how to do the task part of the challenge?  Pupils will be able to tackle more open problems as they progress.

Exploration phase: how much effort is required to find important information? Telling pupils that a £1 coin weighs 9.5g is different to asking them to search the web or giving them coins and kitchen scales.

Abstractness of the activity: estimating the number of coins that can fit into a brief case, or the number of people who can stand in a 1 metre square, can be done via practical activities and with concrete materials to help the process, or without.

Number of stages: how many links are there in the chain of reasoning?

Number of factors: how many variables need to be taken into account?

Reasoning length: how long do pupils spend on task components?  A task that takes 30 minutes, but comprises 20 explicit activities, has a much shorter reasoning length than a 10 minute ‘open’ task.

Technical load: tasks that benefit from powerful mathematical notation, or require careful conversion of units (e.g. US gallons to tonnes of biofuel) are harder than tasks that do not.

Sophistication in rounding: we want pupils to be able to do ‘back of an envelope’ calculations, so simplifying the numbers used (in the light of the accuracy required) to answer the problem is an important skill.  Setting pi to 3, or rounding 1024 to 1000 in problems involving powers of 2 will often be appropriate.  

Sensitivity analysis: an answer that talks specifically about the key quantities to be estimated, and the likely accuracy of the estimates made (9.5g for a £1 coin is a very accurate estimate; ‘4 people can stand in a metre square’ has a large amount of uncertainty) is better than one that does not.

Accuracy of the answer given: spurious accuracy should be avoided (e.g. the CIA World Factbook gives the population of China as 1,321,851,888  (July 2007 est.).

Here is a short hierarchy of responses to the challenge ‘how many times will your heart beat, before your 14th birthday?’, from poor to good.

· Spurious accuracy – ‘an estimated average rate of 72 beats per minute gives 72 x 60 x 24 x 365.25 x 14 = 530,167,680
· Answer rounded – the degree of rounding taking account of the likely accuracy of the numbers used in calculations, and is expressed in easily understood form; ‘the number of heart beats will be around 500 million’;

· Bounded estimates – an upper and lower bound for an estimate, based on low and high estimates of the numbers used in calculations, ‘the number of heart beats lies between 400 and 700 million - corresponding to rates of 55 to 95 beats per minute’.

Knowing how confident you can be about the answer: in the Olympic Opening Ceremony task, students are asked if all the athletes can stand in the centre of the running track.  The answer is very clear, and even if pi is set to 3, or the track is simply measured as a rectangle, the answer will be the same.  If a PE estimate produces a result that is close to some critical value (‘maybe they can just fit’) then all rounding has to be examined very carefully.

Multiple methods:  one can have more confidence in an answer that uses 2 or more different solution methods that produce very similar results.

Reporting phase: a simple written response requires different skills to a class presentation or a report to a defined audience for some purpose.

Quality of the explanation: solutions to PE tasks always need to be explained!  
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